In this study, 4-[(4-methyl-5-phenyl-4H-1,2,4-triazol-3-yl)sulfanyl]benzene-1,2-dicarbonitrile was synthesized and its molecular structure was characterized by means of FT-IR and X-ray diffraction methods. The crystal is monoclinic and belongs to the P21/n space group. There are three weak intermolecular C-H…N type hydrogen bonds in the molecular structure. The geometrical parameters, vibration frequencies, HOMO-LUMO energies, and molecular electrostatic potential (MEP) map of the compound (3) in ground state were calculated by using density functional theory (DFT/B3LYP) with the 6-311G(d) basis set. Calculated geometrical parameters were compared with X-ray diffraction geometric parameters. On the other hand, theoretical and experimental FT-IR results were also compared.
INTRODUCTION
1,2,4-triazoles, planar five-membered heterocyclic compounds with a 6π aromatic system, have an important role in synthetic chemistry. In particular, the pharmacological properties of this compound class have been extensively studied. It is known that these compounds show anti-inflammatory, antiviral, antimicrobial and antidepressant activities [1] . In addition, 1,2,4-triazole derivatives are potential chemosensors for the determination of many metal cations [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] .
In this study, compound (3) was synthesized and its molecular structure was characterized by using FT-IR, X-ray diffraction, and quantum chemical methods. The geometrical parameters, vibration frequencies, molecular electrostatic potential, and frontier orbitals of compound (3) were calculated in the ground state by using DFT/B3LYP/6-311G(d). A comparison of the calculated geometric parameters with the experimental parameters of compound (3) was carried out.
EXPERIMENTAL SECTION

Synthesis
Dry DMF solution of 4-methyl-5-phenyl-4H-1,2,4-triazole-3-thiol (1) (0.61 g, 3.2 mmol) and 4-nitrophthalonitrile (2) (0.55 g, 3.2 mmol) were stirred for 10 min at 55 ºC under N2 atmosphere. Dry potassium carbonate (0.48 g, 3.5 mmol) was added to the reaction mixture for two hours and the reaction was conducted under N2 atmosphere at 50 ºC for 5 days. Then it was poured into ice-water. The creamy solid precipitate was filtered, washed with water, and dried in vacuum. Single crystals were obtained in acetone/petroleum ether solvent system. The yield was 0.71 g (70%) .
(1) (2) (3) Scheme 1. Synthesis route of compound (3)
Measurements and calculations
We used the Schlenk system, where all reactions were carried out under dry and oxygen-free nitrogen atmosphere. DMF (dimethylformamide) was dried and purified in accordance with the literature [12] . 4-methyl-5-phenyl-4H-1,2,4-triazole-3-thiol was prepared according to the literature [13] . A Perkin Elmer Spectrum One FT-IR device with the ATR technique was used for IR recordings. The Xray data of compound (3) were measured on a Bruker Smart CCD area-detector diffractometer by using CuK ( = 1.54178 Å) X-rays. For data collection and cell refinement, the APEX2 [14] and Bruker SAINT [14] programs were used respectively. SHELXS-97 [15] , SHELXL-97 [15] , ORTEP III [16] , and WinGX software [17] programs were used to solve and refine the structure, to define the molecular figures, and to prepare material for publication. Crystallographic data are given in Table 1 .
All the theoretical calculations were performed by using the Gaussian 03 [18] program package. The initial atomic coordinates of compound (3) were obtained by means of X-ray data. Via the GaussView [19] molecular visualization program, the geometry of the molecule in three dimensions was defined. DFT calculations were performed with the 6-311G(d) basis set by using B3LYP [20, 21] (Becke's three-parameter hybrid functional using the LYP correlation functional) hybrid function. In order to calculate the vibration frequencies of the optimized structure, DFT/B3LYP methods and the 6-311G(d) basis set were used. The 0.9672 [22] scale value was used for the calculated vibration frequencies.
by using the ORTEP-3 program, is shown in Figure 1 . Furthermore, the package diagram of compound (3) is given in Figure 2 . The compound consists of one triazole and two benzene rings. When examining the bond lengths under the X-ray parameters of compound (3) in Table 3 , it can be seen that especially C38-N32 [1.136 (2) [23] [24] [25] [26] . The dihedral angles between the 1,2,4 triazole ring and the C31-C36 and C51-C56 rings are 76.92º and 27.53º respectively. The crystal structure has three weak intermolecular C-H…N type hydrogen bonds. The details related to these interactions are given in Table 2 . Crystallographic data for compound (3) 
Optimized structures
In order to constitute the initial geometry of compound (3) for theoretical calculations, the experimental results of X-ray diffraction are used. To obtain the geometrical optimization of compound (3), the DFT/B3LYP method and 6-311G(d) basis set are used. Experimental and calculated geometrical parameters, bond lengths, bond angles, and torsion angles for compound (3) are given in Table  3 . To compare the consistency of the calculated and experimental geometric parameters, the RMSE values are found. These values are 0.014 Å for bond lengths and 0.78º for bond angles. As can be seen in Table 3 , the greatest deviations in C31-S31 bond length and C3-S31-C31 bond angles are found to be 0.032 Å and 1.27º. 
Theoretical and experimental molecular structure parameters
Furthermore, the superposition of the atomic positions of compound (3), which are obtained by theoretical and experimental methods, is shown in Figure 3 . The RMSE value is calculated as 0.32 Å. The calculated dihedral angles between the 1,2,4 triazole ring and the C31-C36 and C51-C56 rings of the molecular structure that is formed after the optimization of compound (3) [27] [28] [29] . C≡N stretching vibration in the phthalonitrile ring is seen expressly at 2200-2300 cm -1 as a sharp peak. The theoretical C≡N stretching vibrations were calculated to be at 2265 and 2269 cm -1 and were observed at 2231 cm -1 . The reason why only one sharp peak was observed in the theoretical and experimental spectra may be due to two C≡N stretching vibrations that are very near to each other [30] [31] [32] .
The bending vibrations that occur inside the aromatic and aliphatic planes given in the literature are in the range of 1480-1000 cm -1 . In our study, the vibrations observed at 1486-1079 cm -1 are calculated to occur at 1480-1104 cm -1 and are characterized as C-H bending vibrations in plane. All these results are in good agreement with the associated literature [30, 31, 33, 34] .
The stretching vibrations ν(C=C) and ν(C=N) which belong to the phenyl and triazole groups were calculated to be at 1572, 1530, 1454, 1445, 1382, 1270, and 1196 cm -1 and were observed at 1587, 1565, 1456, 1428, 1329, 1262, and 1206 cm -1 , in agreement with the literature [35] [36] .
The C-H out-of-plane bending wagging at the phenyl and triazole rings is observed at about 675-1000 cm -1 . In this study, the peaks calculated to be at 1104, 1085, 1010, 902, 837, 762, 712, and 687 cm -1 are matched with the peaks observed at 1079, 1056, 991, 901, 853, 772, 719, and 693 cm -1 and defined as wagging [30, 35, 36] . CCC (in-plane bending) vibration is observed at about 1000 cm -1 . We defined this vibration experimentally at 991cm -1 and also theoretically at 1010 cm -1 [32, 37] . 
Frontier molecular orbital and molecular electrostatic potential
By means of the DFT/B3LYP method applied on the optimized structure derived from the 6-311G(d) basis set, the frontier molecular orbitals and MEP map are obtained. As can be seen in Figure 5 , the HOMO is generally concentrated on the 1,2,4 triazole and phenyl rings. On the other hand, LUMO is concentrated on the phthalonitriles ring system. HOMO and LUMO have energy levels of -7.08 and -2.69 eV respectively. Gap = EHOMO -ELUMO, and hardness = Gap/2 [38] . The HOMO-LUMO energy difference is 4.39 eV and the hardness of the molecule corresponds to 2.19 eV. The molecular electrostatic potential (MEP) is calculated considering the electrical charge of the related molecule. We can define electronegative and electropositive locations looking at these results as well as hydrogen bonding interactions [39] [40] [41] . The MEP map of compound (3) is shown in Figure 6 . When examining the map, it can easily be seen that negative (red) partitions are mainly concentrated on cyano groups and on N1 and N2 atoms of the 1,2,4 triazole ring. These negative V(r) values are -0.05 a.u for N31, -0.048 a.u for N32, -0.049 a.u for N1, and -0.048 a.u for N2. The largest positive (blue) partition is located around the methyl group and its V(r) value is 0.038 a.u.
The MEP map provides the information that the molecular interactions will take place in these regions. Examining Table 2 , this prediction about the interaction locations can be confirmed.
CONCLUSIONS
4-[(4-methyl-5-phenyl-4H-1,2,4-triazol-3-yl) sulfanyl]benzene-1,2-dicarbonitrile(3), formulated as C17H11N5S, was synthesized and its molecular structure was characterized by means of FT-IR and X-ray diffraction methods. The calculated geometrical parameters in ground state obtained via the DFT/ B3LYP method with the 6-311G(d) basis set were compared with geometric parameters obtained via the X-ray diffraction experimental method and a very small difference was observed. Some small differences between theoretical calculations and experimental results are seen because the theoretical methods used consider a molecule alone unless there are interactions between neighbouring molecules in crystal form. Also, the experimental and calculated vibration frequencies were compared with each other and were found to be in compliance. The HOMO-LUMO energy gap was calculated as 4.39 eV.
Supplementary data
Further information can be obtained from the Cambridge Crystallographic Data Centre (Email:deposit@ccdc.cam.ac.uk), where the crystal structure X-ray data of compound (3) are stored under depository number CCDC-1441403.
